Background: Total joint arthroplasty is a commonly performed procedure for end-stage osteoarthritis. Preoperative anemia is a well-characterized and potentially modifiable risk factor for morbidity and mortality in non-cardiac surgery. This retrospective cohort study identified the prevalence of anemia in our total joint arthroplasty population and investigated if there was an association with all-cause mortality. Study Design and Methods: Using an electronic medical record, we examined all patients who underwent a primary unilateral total joint arthroplasty at Dartmouth-Hitchcock Medical Center from January 1, 2011 through July 1, 2015. Preoperative anemia thresholds were defined according to the World Health Organization as 12 mg/dl for women and 13 mg/dl for men. Kaplan-Meier survival analyses were performed to examine the relationship between preoperative anemia and all-cause mortality. Cox proportional hazards were calculated for various models adjusting for potential confounders. Results: 439 of the 3247 patients (13.5%) that underwent total joint arthroplasty met the preoperative definition for anemia. 48 patients (1.48%) died during 6470 patient years of follow up, generating an incidence rate of 7.4 deaths per 1000 patient years. The crude hazard ratio for death in anemic patients was 3.42 (95% CI 1.89, 6.82). In multiple models adjusting for various health related confounders, preoperative anemia was associated with a roughly two-fold increase risk of death compared to nonanemic patients. Conclusion: Preoperative anemia is prevalent in our population and it is associated with increased postoperative mortality in total joint arthroplasty patients, even when adjustments are made for significant co-morbidities.
Introduction
Total joint arthroplasty (TJA) is one of the most commonly performed procedures in the world. According to the Centers for Disease Control, there were over 1 million total knee and hip procedures performed in the United States in 2010 [1] . As of 2010, there were an estimated 7.2 million Americans living with a total knee or hip replacement, and, by 2020, two million Americans will undergo a hip or knee replacement each year [2] . Although total joint replacement is a highly effective treatment for end-stage osteoarthritis, patients can experience significant perioperative morbidity and mortality. According to one large retrospective analysis of 15,321 patients, between1.6% and 2.1% of patients will experience a major systemic complication following knee arthroplasty (TKA) [3] . Although rare, 30-day mortality is estimated to be 0.3% following total hip arthroplasty (THA) [4] and 0.18% following total knee replacement [3] .
A robust body of literature has identified multiple risk factors associated with complications following TJA. Age and diabetes are independent risks factors for mortality following TKA [3] . Additionally, an increased risk of 90-day mortality following THR is associated with patients who have one of the following comorbid conditions: congestive heart failure, metastatic cancer, psychosis, renal disease, dementia, hemiplegia, cerebrovascular disease or chronic pulmonary disease [5] . Pre-existing conditions that have been associated with postoperative joint infections include rheumatologic disease, obesity, coagulopathy and preoperative anemia [5] . Of all the complications associated with TJR, death is the least studied. This is partially a function of the rare nature of the event, generating suboptimal power to understand the relationship to various exposures. Risk factors combined, with expert opinion, have been utilized to create multiple clinical pathways aimed at decreasing morbidity [6] - [8] . Decreasing mortality after TJA is an important outcome because over 1000 Americans will die each year within 30 days following a TJA [2] - [4] . Strategies to reduce this mortality are thus warranted.
In the past several years, preoperative anemia has been identified as a risk factor for morbidity and mortality in non-cardiac surgery [9] . Preoperative anemia is an attractive risk factor to understand because it can potentially be modified prior to elective surgery. In the orthopedic population, preoperative anemia has been linked to higher rates of transfusion, longer lengths of stay, and an increased risk of wound infection [10] [11] . However, long-term survival outcome data in the setting of preoperative anemia is limited, likely by both the rarity of the event and emphasis on 30 or 60-day survival metrics. As part of an exploratory quality improvement initiative, we conducted a retrospective cohort study with the following goals: 1) to identify the prevalence of preoperative anemia in our total joint population; 2) to determine whether preoperative anemia is associated with increased mortality in these patients.
Materials and Methods
Following approval and a consent waiver from the Dartmouth College Committee for the Protection of Human Subjects, (63 South Main Street, Hanover, NH 03755 USA; Study #00028930 approved on September 16, 2015) we examined 3247 patients undergoing primary unilateral TJA at a single institution from January 1, 2011 through July 1, 2015. Dartmouth-Hitchcock Medical Center is a tertiary care academic medical center located in Lebanon, New Hampshire, USA. Revision surgeries and bilateral procedures were excluded in the analysis. The data set generated from our electronic medical record (Epic Systems Corp.) included standard demographics, medical comorbidities, transfusion events, mortality, and laboratory data. The hemoglobin closest to the time prior to surgery was used for this study. Patients that did not have a hemoglobin value within six months prior to surgery were excluded. The decision to transfuse the patient was made by the primary anesthesia team.
Statistical Analysis
Stata Version 12 (StataCorp, College Station, TX, USA) was used for the statistical analysis. For the descriptive statistics, categorical variables are summarized as proportions and continuous variables are reported as means and standard deviations. The prevalence of preoperative anemia was measured, and defined as a hemoglobin concentration threshold of the World Health Organization's gender-based definition of 12.0 g/dl in women and 13.0 g/dl in men [12] . Univariate analysis, using chi-square statistic for categorical variables, and the t test for continuous variables, was performed to characterize the relationship of anemic status to patient characteristics ( Table 1) .
Kaplan-Meier curves were used to describe survival by preoperative anemia status (anemic versus not anem- ic). The log-rank test and Cox Proportional Hazards modeling were used for univariate and multivariate tests of statistical significance, respectively. Our a priori assumption was that there was co-linearity between anemic status and the occurrence of a postoperative transfusion. We thus plotted a separate survival curve for anemic patients by transfusion status. Transfusion was defined as administration of packed red blood cells at any time during the index hospital admission.
For all analyses, we set the p-value for statistical significance to 0.05 (2-sided).
Results
We identified 3247 patients that underwent primary TJA between January 1, 2011, and July 1, 2015. 530 patients had more than one joint replacement during this period. 48 patients (1.48%) died during 6470 patient years of follow up, generating an incidence rate of 7.4 deaths per 1000 patient years. Overall mortality as a function of age and time period is demonstrated in Table 2 . 439 of the 3247 patients met the WHO criteria for anemia, generating a prevalence of 13.5%. A preoperative hemoglobin was unable to be obtained for seven patients. Anemic patients were slightly younger than the non-anemic patients (62.5 yrs. vs. 63.4 yrs.), and had higher rates of diabetes, COPD, renal insufficiency and congestive heart failure ( Table 1) . Patients with preoperative anemia were approximately five times more likely to receive a transfusion (30% vs. 6%).
The Kaplan-Meier curve (Figure 1) demonstrates an increased risk of mortality associated with patients who were anemic prior to their surgery (p value < 0.001). The crude hazard ratio (HR) for preoperative anemia was 3.42 (95% CI 1.89 -6.2). To adjust for the American Society of Anesthesiologists (ASA) health score, as well as for several pre-operative comorbid conditions, we performed several regression analyses ( Table 3 ). The HR decreased to 2.14 (95% CI 1.13, 4.07) when adjusted for ASA score and to 2.45 (95% CI 1.35, 4.46) when adjusted for a combination of diabetes mellitus, coronary artery disease, and COPD ( Table 3) .
The influence of transfusion on all-cause mortality was also explored. Patients having at least one packed red blood cell transfusion at anytime during their hospital stay were approximately two times more likely to die within the follow up period (HR 2.19; 95%CI 1.12, 4 .27). Figure 2 demonstrates that anemic patients who received a transfusion were 4.3 times more likely to die compared to anemic patients who did not get a transfusion (p value < 0.001HR 4.3; 95% CI: 1.5, 12.2). Additionally, non-anemic patients who received a transfusion were approximately 3 times more likely to die compared to non-anemic patients who did not get a transfusion (p value = 0.005, 95% CI: 1.43, 7.76). 
Discussion
We identified a high prevalence of preoperative anemia in patients undergoing TJA at our medical center. Preoperative anemia was associated with an increased risk of death as determined by a formal time to event analysis over the 4-year study period. The risk of death appeared independent of the presence of co-morbid medical conditions. We further identified that both preoperative anemic and non-anemic patients who received a blood transfusion were at an additional increased risk of death.
To our knowledge, this is the first observational data set including all patients undergoing TJA that has demonstrated an increased risk of mortality associated with preoperative anemia. Previous TJA outcomes research has focused on other metrics, partially because many large publicly available datasets such as the 5% Medicare sample do not track hemoglobin levels [3] [5] [13] .
Our data is observational in nature and a causal relationship between anemia and death cannot be proven. Additionally, the observed relationship between anemia and death may be confounded by unmeasured variables. Given that our total death event number is 48, we are limited in our ability to model and control for additional confounders. Moreover, even if we assume a cause and effect relationship between anemia and death, it is unclear if correcting preoperative anemia will improve on mortality.
Despite these limitations, these data allow us to better educate patients and the care team regarding risks associated with TJA. Given that TJA is an elective procedure, our health system is collaboratively creating a care pathway based on an algorithm from The Network for Advancement of Transfusion Alternatives [14] . This process will allow us to further investigate patients who have been identified as anemic. Patients found to have reversible causes of anemia, such as iron deficiency, can be treated prior to the surgical intervention. We are also exploring the use of erythropoietin in certain anemic patient populations. Our future work will be to track mortality and the prevalence of anemia to assess the impact of our various interventions.
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